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INTEGRATION OF PROCESS MODULES AND 
EXPERT SYSTEMS IN PROCESS PLANTS 

RELATED APPLICATIONS 

This application is a regular ?led application of and claims, 
for the purposes of priority, the bene?t of US. Provisional 
Application Ser. No. 60/567,980, entitled “Graphical User 
Interface for Representing, Monitoring, and Interacting With 
Process Control Systems,” Which Was ?led on May 4, 2004 
and Which this application hereby expressly incorporates by 
reference herein in its entirety. This application is also related 
to US. patent application Ser. No. 10/ 625,481, entitled “Inte 
gration of Graphic Display Elements, Process Modules and 
Control Modules in Process Plants,” Which Was ?led on Jul. 
21, 2003, and Which published as US. Publication No. 2004/ 
0153804 on Aug. 5, 2004, Which, in turn, is a Continuation 
in-Part of US. patent application Ser. No. 10/278,469, 
entitled “Smart Process Modules and Objects in Process 
Plants,” Which Was ?led on Oct. 22, 2002, and Which pub 
lished as US. Publication No. 2004/0075689 on Apr. 22, 
2004, the entire disclosures of Which are hereby expressly 
incorporated by reference herein in their entirety. This appli 
cation is also related to US. patent application Ser. No. 
10/368,151 entitled “Module Class Objects in a Process Plant 
Con?guration System,” Which Was ?led on Feb. 18, 2003, and 
Which published as US. Publication No. 2004/0199925 on 

Oct. 7, 2004, the entire disclosure of Which is hereby 
expressly incorporated by reference herein in its entirety. This 
application is also related to the folloWing patent applica 
tions, Which are being ?led as International (PCT) applica 
tions on the same date as this application and Which this 
application hereby expressly incorporates by reference herein 
in their entirety: “Associated Graphic Displays in a Process 
Environment” Ser. No. 10,589,712; “User Con?gurable 
Alarms and Alarm Trending for Process Control Systems” 
Ser. No. 10/ 574,570; “A Process Plant User Interface System 
Having Customized Process Graphic Display Layers in an 
Integrated Environment” Ser. No. 10/574,824; “Scripted 
Graphics in a Process Environment” Ser. No. 10/587,845; 
“Graphics Integration into a Process Con?guration and Con 
trol Environment”; “Graphic Element With Multiple Visual 
iZations in a Process Environment” Ser. No. 10/590,574; 
“System for Con?guring Graphic Display Elements and Pro 
cess Modules in Process Plants Ser. No. 10/575,022; 
“Graphic Display Con?guration Framework for Uni?ed Pro 
cess Control System Interface” Ser. No. 10/575,173; 
“Markup Language-Based, Dynamic Process Graphics in a 
Process Plant User Interface” Ser. No. 10/ 5 90,550; “Methods 
and Apparatus for Modifying Process Control Data” PCT/ 
US05/15596 and Ser. No. 11/556,612; “Methods and Appa 
ratus for Accessing Process Control Data” PCT/US05/ 15585 
and Ser. No. 11/556,445; “Integrated Graphical Runtime 
Interface for Process Control Systems” PCT/US05/ 15439 
and Ser. No. 1 1/ 556,347; “Service-Oriented Architecture for 
Process Control Systems” PCT/US05/ 15394 and Ser. No. 
1 1/ 556,554. 

TECHNICAL FIELD 

The present invention relates generally to process plants 
and, more particularly, to an intelligent control and simula 
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2 
tion environment that enables user vieWing, simulation and 
control to be integrated at the system level of the process plant 
control architecture. 

DESCRIPTION OF THE RELATED ART 

Distributed process control systems, like those used in 
chemical, petroleum or other processes, typically include one 
or more process controllers communicatively coupled to one 
or more ?eld devices via analog, digital or combined analog/ 
digital buses. The ?eld devices, Which may be, for example, 
valves, valve positioners, sWitches and transmitters (e.g., 
temperature, pressure, level and How rate sensors), are 
located Within the process environment and perform process 
functions such as opening or closing valves, measuring pro 
cess parameters, etc. Smart ?eld devices, such as the ?eld 
devices conforming to the Well-knoWn Fieldbus protocol may 
also perform control calculations, alarming functions, and 
other control functions commonly implemented Within the 
controller. The process controllers, Which are also typically 
located Within the plant environment, receive signals indica 
tive of process measurements made by the ?eld devices and/ 
or other information pertaining to the ?eld devices and 
execute a controller application that runs, for example, dif 
ferent control modules Which make process control deci 
sions, generate control signals based on the received infor 
mation and coordinate With the control modules or blocks 
being performed in the ?eld devices, such as HART and 
Fieldbus ?eld devices. The control modules in the controller 
send the control signals over the communication lines to the 
?eld devices to thereby control the operation of the process. 

Information from the ?eld devices and the controller is 
usually made available over a data highWay to one or more 

other hardWare devices, such as operator Workstations, per 
sonal computers, data historians, report generators, central 
iZed databases, etc., typically placed in control rooms or other 
locations aWay from the harsher plant environment. These 
hardWare devices run applications that may, for example, 
enable an operator to perform functions With respect to the 
process, such as changing settings of the process control 
routine, modifying the operation of the control modules 
Within the controller or the ?eld devices, vieWing the current 
state of the process, vieWing alarms generated by ?eld devices 
and controllers, simulating the operation of the process for the 
purpose of training personnel or testing the process control 
softWare, keeping and updating a con?guration database, etc. 
As an example, the DeltaVTM control system, sold by 

Emerson Process Management includes multiple applica 
tions stored Within and executed by different devices located 
at diverse places Within a process plant. A con?guration appli 
cation, Which resides in one or more operator Workstations, 
enables users to create or change process control modules and 
doWnload these process control modules via a data highWay 
to dedicated distributed controllers. Typically, these control 
modules are made up of communicatively interconnected 
function blocks, Which are objects in an object oriented pro 
gramming protocol, Which perform functions Within the con 
trol scheme based on inputs thereto and Which provide out 
puts to other function blocks Within the control scheme. The 
con?guration application may also alloW a designer to create 
or change operator interfaces Which are used by a vieWing 
application to display data to an operator and to enable the 
operator to change settings, such as set points, Within the 
process control routine. Each dedicated controller and, in 
some cases, ?eld devices, stores and executes a controller 
application that runs the control modules assigned and doWn 
loaded thereto to implement actual process control function 
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ality. The vieWing applications, Which may be run on one or 
more operator Workstations, receive data from the controller 
application via the data highway and display this data to 
process control system designers, operators, or users using 
the user interfaces, and may provide any of a number of 
different vieWs, such as an operator’s vieW, an engineer’s 
vieW, a technician’s vieW, etc. A data historian application is 
typically stored in and executed by a data historian device that 
collects and stores some or all of the data provided across the 
data highWay While a con?guration database application may 
run in a still further computer attached to the data highWay to 
store the current process control routine con?guration and 
data associated thereWith. Alternatively, the con?guration 
database may be located in the same Workstation as the con 
?guration application. 
As noted above, operator display applications are typically 

implemented on a system Wide basis in one or more of the 
Workstations and provide precon?gured displays to the 
operator or maintenance persons regarding the operating state 
of the control system or the devices Within the plant. Typi 
cally, these displays take the form of alarming displays that 
receive alarms generated by controllers or devices Within the 
process plant, control displays indicating the operating state 
of the controllers and other devices Within the process plant, 
maintenance displays indicating the operating state of the 
devices Within the process plant, etc. These displays are gen 
erally precon?gured to display, in knoWn manners, informa 
tion or data received from the process control modules or the 
devices Within the process plant. In some knoWn systems, 
displays are created through the use of objects that have a 
graphic associated With a physical or logical element and that 
is communicatively tied to the physical or logical element to 
receive data about the physical or logical element. The object 
may change the graphic on the display screen based on the 
received data to illustrate, for example, that a tank is half full, 
to illustrate the How measured by a How sensor, etc. While the 
information needed for the displays is sent from the devices or 
con?guration database Within the process plant, that informa 
tion is used only to provide a display to the user containing 
that information. As a result, all information and program 
ming that is used to generate alarms, detect problems Within 
the plant, etc. must be generated by and con?gured Within the 
different devices associated With the plant, such as controllers 
and ?eld devices during con?guration of the process plant 
control system. Only then is this information sent to the 
operator display for display during process operation. 

While error detection and other programming is useful for 
detecting conditions, errors, alarms, etc. associated With con 
trol loops running on the different controllers and problems 
Within the individual devices, it is dif?cult to program the 
process control system to recogniZe system-level conditions 
or errors that must be detected by analyZing data from differ 
ent, possible diversely located devices Within the process 
plant. Still further, operator displays have typically not been 
used to indicate or present such system-level condition infor 
mation to operators or maintenance personnel and, in any 
event, it is di?icult to animate objects Within operator dis 
plays With these alternate sources of information or data for 
the different elements Within the display. This fact is particu 
larly true With respect to the animation and modeling of 
streams of material, such as the How of ?uid in pipes, the 
movement of raW materials on conveyor belts, etc. Which are 
typically indicated by a simple line connected betWeen tWo 
devices on the display. Moreover, there is currently no orga 
niZed manner of detecting certain conditions Within a plant, 
such as How conditions and mass balances, as materials move 
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4 
through a plant, much less an easily implementable system 
for performing these functions on a system-level basis. 

Likewise, it can be dif?cult to set up or create a simulation 

of the process plant or a portion of the process plant as 
simulation activities must typically be performed separately 
from the display and control activities performed in the on 
line environment of the process plant. Still further, if a simu 
lation of the plant is created, it is dif?cult, if not impossible, to 
integrate this simulation With the operator displays or With the 
control modules being implemented Within the plant. 

Expert systems may be used in process plants to help detect 
problems and/or correct problems in the process plant. For 
example, US. Pat. No. 6,633,782 describes a diagnostic sys 
tem foruse in a process control system that collects and stores 
data pertaining to the operation of the process control system 
in a database, and uses an expert engine to apply rules for 
analysis to the information in the database to determine solu 
tions to problems in the process control system. The database 
may store various types of information that are relevant to 
determining a source of a problem detected in the process 
control system and/ or steps to either further analyZe or correct 
the detected problems. For example, information in the data 
base may include data pertaining speci?cally to the detected 
problem and to a ?eld device, a function block or a control 
loop in Which the detected problem exists. The database may 
also store event and alarm data, such as notices of scheduled 
maintenance and changes to operating parameters, that may 
be relevant to identifying the source of the problem and/ or to 
identifying the appropriate analytical and remedial measures. 
When a problem is detected, the expert engine may apply the 
rules for analysis to the relevant data in the database, infor 
mation received from a diagnostic tool, an event journal, or an 
historian. 

It can be dif?cult to set up or create an expert system to 

analyZe the process plant or a portion of the process plant as 
the expert system typically must be set up and con?gured 
separately from the display and control activities performed 
in the on-line environment of the process plant. Still further, if 
an expert system is set up and con?gured to monitor a portion 
of the process plant, it is di?icult, if not impossible, to inte 
grate this expert system With the operator displays imple 
mented Within the plant. 

SUMMARY 

The present application discloses a process control system 
element for use in a process plant that includes a process 
module, Which represents a logical unit in the process plant, 
integrated With an expert module capable of detecting and/or 
mitigating abnormal situations associated With the logical 
unit. The process module may include a plurality of process 
objects, each process object representing a corresponding 
physical entity in the process plant. At least some of the 
process objects may include simulation capabilities to simu 
late the corresponding physical entities and/ or properties that 
cannot be directly measured such as operating e?iciency, heat 
transfer, etc ., for example. The expert module may be adapted 
to detect at least one abnormal situation associated With the 
logical unit, and may be communicatively coupled to the 
process module to receive process data and/ or simulation data 
from the process module during operation of the process 
module. Because the expert module is integrated With the 
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process module, a user can more easily con?gure the expert 
module to detect and/or mitigate abnormal situations associ 
ated With the logical unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a distributed process control 
network located Within a process plant including an operator 
Workstation that implements a display routine Which uses 
smart process objects to create process modules and graphic 
displays to simulate the operation of the process plant; 

FIG. 2 is a logical block diagram of a set of applications and 
other entities, including smart process objects and process 
modules, stored in the operator Workstation of FIG. 1, Which 
may be used to implement enhanced functionality in a pro 
cess plant; 

FIG. 3 is a simpli?ed depiction of a con?guration screen 
used by a con?guration engineer to create a process graphic 
display or a process module using smart process objects 
stored in an object library; 

FIG. 4 is a detailed depiction of an example process 
graphic display including the depiction of streams and con 
nection elements Within the process plant, created by inter 
connecting the graphic display elements of a number of smart 
process objects; 

FIG. 5 is a depiction of a set of minimiZed process graphic 
displays, including the process graphic display of FIG. 4, 
interconnected into a larger graphic display for the plant; 

FIG. 6 is depiction of a process module associated With the 
process graphic display of FIG. 4, also illustrating the inter 
connection of a high ?delity simulation routine thereWith; 

FIGS. 7A and 7B are logical block diagrams illustrating the 
communication interconnections betWeen a graphic display, 
a process module and a control module as integrated Within a 
process plant; 

FIG. 8 is a simpli?ed depiction of an example process 
module having blocks thereof interconnected With function 
blocks Within a control module to provide advanced control 
and simulation capabilities; 

FIG. 9 is a logical block diagram of a manner in Which 
process modules using smart process objects may be created 
in and implemented Within an existing process control net 
Work; 

FIG. 10 is a block diagram of an example system in Which 
a process module is integrated With an expert module; 

FIG. 11 is an example display that may be utiliZed by an 
expert module con?guration application to facilitate con?gu 
ration of an expert module; 

FIG. 12 is an example display that may be utiliZed to de?ne 
a fact template; 

FIG. 13 is an example display that may be utiliZed to de?ne 
a rule template; 

FIG. 14 is a portion of an example display that can be used 
to assign expert modules to be executed by a particular node 
in a process plant; and 

FIG. 15 is a block diagram of an example system in Which 
a process module is integrated With an analysis module. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to FIG. 1, an example process plant 10 in 
Which smart process objects used to form process graphic 
displays and process modules, both of Which may be inte 
grated With control modules to provide enhanced control and 
simulation Within the plant environment, is illustrated in 
detail. In particular, the process plant 10 uses a distributed 
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6 
process control system having one or more controllers 12, 
each connected to one or more ?eld devices 14 and 16 via 

input/output (I/O) devices or cards 18 Which may be, for 
example, Fieldbus interfaces, Pro?bus interfaces, HART 
interfaces, standard 4-20 ma interfaces, etc. The controllers 
12 are also coupled to one or more host or operator Worksta 

tions 20 and 22 via a data highWay 24 Which may be, for 
example, an Ethernet link. A database 28 may be connected to 
the data highWay 24 and operates as a data historian that 
collects and stores parameter, status and other data associated 
With the controllers and ?eld devices Within the plant 10 
and/or as a con?guration database that stores the current 
con?guration of the process control system Within the plant 
10 as doWnloaded to and stored Within the controllers 12 and 
?eld devices 14 and 16. While the controllers 12, U0 cards 18 
and ?eld devices 14 and 16 are typically located doWn Within 
and distributed throughout the sometimes harsh plant envi 
ronment, the operator Workstations 20 and 22 and the data 
base 28 are usually located in control rooms or other less 
harsh environments easily assessable by controller or main 
tenance personnel. 
As is knoWn, each of the controllers 12, Which may be by 

Way of example, the DeltaVTM controller sold by Emerson 
Process Management, stores and executes a controller appli 
cation that implements a control strategy using any number of 
different, independently executed, control modules or blocks 
29. Each of the control modules 29 canbe made up of What are 
commonly referred to as function blocks Wherein each func 
tion block is a part or a subroutine of an overall control routine 
and operates in conjunction With other function blocks (via 
communications called links) to implement process control 
loops Within the process plant 10. As is Well knoWn, function 
blocks, Which may be objects in an object oriented program 
ming protocol, typically perform one of an input function, 
such as that associated With a transmitter, a sensor or other 
process parameter measurement device, a control function, 
such as that associated With a control routine that performs 
PID), fuZZy logic, etc. control, or an output function that 
controls the operation of some device, such as a valve, to 
perform some physical function Within the process plant 10. 
Of course hybrid and other types of complex function blocks 
exist such as model predictive controllers (MPCs), optimiZ 
ers, etc. While the Fieldbus protocol and the DeltaV system 
protocol use control modules and function blocks designed 
and implemented in an object oriented programming proto 
col, the control modules could be designed using any desired 
control programming scheme including, for example, 
sequential function block, ladder logic, etc. and are not lim 
ited to being designed and implemented using the function 
block or any other particular programming technique. 

In the plant 10 illustrated in FIG. 1, the ?eld devices 14 and 
16 connected to the controllers 12 may be standard 4-20 ma 
devices, may be smart ?eld devices, such as HART, Pro?bus, 
or FOUNDATIONTM Fieldbus ?eld devices, Which include a 
processor and a memory, or may be any other desired type of 
device. Some of these devices, such as Fieldbus ?eld devices 
(labeled With reference number 16 in FIG. 1), may store and 
execute modules, or sub-modules, such as function blocks, 
associated With the control strategy implemented in the con 
trollers 12. Function blocks 30, Which are illustrated in FIG. 
1 as being disposed in tWo different ones of the Fieldbus ?eld 
devices 16, may be executed in conjunction With the execu 
tion of the control modules 29 Within the controllers 12 to 
implement process control, as is Well knoWn. Of course, the 
?eld devices 14 and 16 may be any types of devices, such as 
sensors, valves, transmitters, positioners, etc. and the I/O 








































